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ft &n&<r> mm 

& ^ ft ^ as «b a € "b n as fi ^ * is « ^ -t > ■* t- m m l . m m 2 n t m n n ^ % m ^ 

; * ^IEmfb^&k > 

iiu f e f£ 2 IE #1 ft na^xyi>ru ? ^ a ? 7 x 



k§@<7)Buie^7X5 ic H f -5 bu IB % 2 lE&fb^ 9 V 'i <r> Bf ffl m ft » lc ffi "t £ iiu 15 
•ft ? |» „, a»ibflr£§g L , 3tl* k'f I <7>^m k LfcftfJUI^'** H 

hu ie a hi ft ^ ^ 9 v >i*mf®®ift<7>ii^Kmm?zmffl&i& : £&&&± » 

[SWI2] 

BuiBJlOfe&IE&fb^&fc*. , 

M£i!ufe-b>-*^&k a= 1 MH> mJlBMfl^ * h **>€rB**X fl ( 

| lT )H, arg4flj|kU j*Jt&i£tekL. c £ fcSaiS k L, . Q4M« 

ic It -5 „ 
[R 1 1 

,v /, m , . arg[X q (f t t)/X Q (f t t)] 
|X < (f ' T)|eXP [ J ~^d" 

[fit^Jl3] 
itu IB d 6* » 

i!ulBWfSIX Q (f. T ) k: « AS "t -6 -b > kftH^-h>^ k<?>a*g§« d max T*>* v 

iff ^ a &m ti&M^ a ic *s t . hu mum a * n « «R« « ^ ,c 

3EI8^-£iiflk . _ ^ , 

^ 7 x ?^^^©icfcv^x. buIB^ 2iE#ub~; nun^i>7L 



[mm&] mm 

[ ufl <t> £ ft ] a^ftffimm. iE^ftmijft. m^^m-?* ujkummmft 

[ 0 0 0 1 ] 

*?pjm. m^m$.<r>ttffiftm\zmL. n\z&^ t-tzmm^ (grafts) ^^^a.t# 

[ 0 0 0 2 ] 

^ & <^ M ^ ft 1 ift & L £ MHt ^ ^ 

* ») fl ^ 6* • £ /i^M^lCfclt^M^^^^L 7 7 . 3 60*7 ft 

# vE T co a U x -f|^illk^'b-b>^ q^co >f *JC§h qk (r) \z <k £B^jA 

[ 0 0 0 3 ] 

[R2] . 

x q (t)=ISh qk (r)s k (t-r) -(D 

k=l r=0 

kft*. c :t t > r^*J*$LTu4. s k (t)'tt*.:/-7' 'J t 

7* 7 >f > H ft^8t<7> @ ft ttx JlSfl^si (t) ■ - • s N (t) ^ -i > hj j (r) . - . h 1N ( 

r). - . h M1 (r). ~.h MN (r) Mff^M (t) . - . x M (t) . «BMs i (0 • " 

, s N (t) ic^n-fn^F5-r-5^fit<i^yi (t). - . y N (t) *5*#>s - t 

[ 0 0 0 4 ] 

z ^Ttt«lftR«isilctev^T^«I^J*ff*ff 7. * <o ao ic -fc > -t a T Hi x q 

[ 0 0 0 5 ] 
[R3] 

X q (f,T)= S x q (T + r)g(r)e-J 2 " fr -(2) 

r=-L/2 

ttffl»RT*»»> 1=0. I s /L. - . I s (L-D/L fc * Be ft 3 tiT u * ( f s tt 

g (r) ttSIST*'*. 
[&4] 



g(r) = \ 



1 + cos 



2nr 



\ 



L ) 

ft ir^g(0)ic^-7 -<o*/k*J# o«KfR*ffl^* c tf, X q (l. T)U^^Jt=T *4"Dk"t 
6KfBfl^i.(t)^«a»«tt**Bltft. **** X,(f. r)ttL^>^*i:fcfc*«i*. 

T r k icXn (I. t ) £:£ao&° 



XU T 



["» 5] 

X q (f,T)=ZH qk (f)S k (f,T) -(3) 

k=1 

H*?k-&fl'tZ1i*tMfrt> J b>* a *T*>JBIfeftJ5EST& *) . S k (l. t)I2^ ( 2 ) 
4^Ict£oTOT^l^s k (t)lcjSitW*St7- x^tt^SfeLfc^^Tfc*. 5* 0 3 ) * -* 

9 V >i £ ffl v^T^ISf & i: , 
[&6] 

X(f,T)=ZH k (f)S k (f,T) -(4) ' 

k=l 

X(l. tt ) = £Xj (f . r). ~.X M (I. r )] T iimi'Hf * h H k (I) = [H lk ("0 

[ nf W MI »R -7 * * ic * -5 ft ¥ ft Ml 

Ml v x ? ic * -5 ^vi £ . 
[ 0 0 0 6 ] 

'cw^STttffl^^^- *'<-*l:tt* <f-^* , ^p i: «| IK b# IB t ic 

T, ft^mJSft«# -t y V (f. r )<?>&-b>^.lc*Jl+*RI8fi^tt» *«>ll*niHI«»# 4 > 

h (I. t)T-T^-x -f 1 o<7>fI-5fs p (I, rl^A^^^SfclSTfi. <fc o T . f&IHa 

St(f. r)lcWlC-t*R«l«^X([. T)*l*aJ-t*^rWBI**^^ f M k (l. t)*ISL, 
Y k (l. t )=M k (l. t)Xq((. t) 

U. ~. 10 

[ 0 0 0 7 ] 
•[«7] 

X a (f,t) 
0(f,m) = Z-^-^ -(5) 

X Q (f,T) 

*>*«bH-©3 *l £ -fl <?> i£ £ ?J * ?J fa (Direction o( Arrival : DOA) 
[&8] 

0(f ' r)=cos ^Td " (6) 

€> #«iFti i #sa> . q t *y*o t<nsm-e 

c tift^5Sl£T&-5. * 9 x 7 'J > ricii. k-meansvi ( 0J x. li . 2M# HP £ 

Dt 2 #SR) SSfcfflu* c i: *>*?§ S. ^fiHiSftR?^ ?ll k (I.T)UTli« ffl £ li 



[ 0 0 0 8 ] 
[*9] 



Mi 



(fjT) Ji er-A<0(f,r)<er + A (k=1 >N) 

[O otherwise 



mi o ] 



a(f ,t) = 



X 0 (f,t) 



X Q (f,r) 
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determined Blind Separation lor speech in real environments with sparseness 
and ICA." IEEE Intl. Cool. Acoustics, Speech and Signal Processing (1CASSP). 

vol.111. PP. 881-884, May 2004. 

[ 3Nt fF £ 2 ] R. 0. Duda. P. E." Hart, and D. C Stork, Pattern Classilicat 
ion. Wiley I nter sc i ence, 2nd edition, 2 0 0 0 

[ 0 0 0 9 ] 

>^ Q , Q«o**>««L*Hn.>ir ic««a*afSLT^fc. cniijX7c<?)i5T%si*L. 

=PJffl-rsicU, •«aw-fe>*-<T7»**>fc4f***«£&"*"*'-&5***>->fc (flUii. PR. 

Mukai, H. Sawada, S. Araki, S. Makino, "Frequency Domain Blind Source Separatio 
n using Small and Large Spacing Sensor Pairs." in Proc ol ISCAS 2004. vol. V. p 
p. 1-4. May 2 0 0 4. J #JK). 3 fc*>lc . ft Mtt tti <o fcft»Hft S «LH fc'&B 

I * "f -5 'Sb 1? o » 
[OOIO] 

tilt &<b&u 7 r^S,&t>&-&. 3*UJ. -h>-*% g *icffig^--5Ji^ic^fijT- 
I 0 0 1 1 1 



£*>fftlcft*!& 2JE$Lit'< 9 V 'i\ziE®.<t-tZo *<n&. 9 => x 9 4=j£*&u:*j 

2 lE&ft^ 9 V >l 9 *7 X. 9 >) y 9LX 9 ? *9 L , #fit^& IC o T , 

i^raiffliaiEfli^sc k * * hi « <o it -f- »c it »' -r * . 

[0012] 

* 3% Bfl t & . £T<?>-t> ^T-iE«iJ£ ft tz WL W\ H ^ * JEM it LT 9 ? * 
\ -h> -^^.JKiBftBBIBHiaJ^tfcS fc L ftu. ^J: 1 ?. *f£BJ]T'tt. -te>-*^J& 

1 . .... Mk U Rf8<I^'-«f h '^§It$X a ( f . r ) tU a r 8% 

L. d*H»i: L.'-f t ^MNflU l> fcif nlc felt 5 . 

[0013] 

■ [« 1 1 3 



>l U ib*FJr 

klf 



7 'J > r 
lc fij ffl L 



L . q = 



|X Q (f,T)|exp 



.arg[X q (f,x)/X Q (f,T)] 



J 



4fc _l d 



6O0c#14^^^T-§ -So C <ri iE ift ft Ictt , -fe fB ft K 



c tile ck 0 v ffiliftR 

t L ft 



ifc. *ffcflBk:fcuT, «F* L < li. ±ie^> dU. WIXq ( f . t ) lc ft (G ~t h -b > 
i: ffeco-b> ^ t <7>S*S68t a„ ax ?*>*. C tf> J: 7 ft d ■* ffl v^S Z lc <k 0 . 8 1 IE& 
ft 9 V >i<r>&mmX a ! ' ( f . t ) > X q 2 ' ( f • t > B^laritX,! ' (I. r))-ar 
g(X a2 ' (f. r ) ) \<»mW\zttLX IX, ! ' (I. t ) -X q 2 ' (I. t) IfcJUHJtADT* fcv ^ ™^ 
Loo, T-§ -5 ^ItlE v^IEHIC ^ 5 x y 3 i: £ (MUM) 

[f&Bfl<^#i3i] 
[0014] 

ceo J: 7 lc * IE Bfl T li . -fe> ^<oJK«ftfiiBfil«*'^5 ^ "t * - fc * < * £T*>RBKs- 

[^Bflt:||]5is-t -5 f- *^ <t> ft H <t> ff2 US 1 
[0015] 

*f%Hfl<7)Hi!fe(7)^flg^l3S*#M LTi&Bfl-t 

•5. 

13 1 icflj^-r -S i: 7 \Z. Z<r>m<r>m^yymmm. 1 a. CPU (Central Processing Uni 
t) 1 0 , AtJ®2 0 . iti^SP3 0 , ffiWl3B1t^a4 0 . RAM (Random Access Memory 
) 5 0 , R OM (Read Only Memory) 6 0 JkU *< A 7 05*LTv^. 
[0016] 

:^i?i^cp u 1 0 \t. mwu 1 1 . mn® 1 ^?i3*tu 



, n-Ff MO (Magneto-Optical disc) ;.fl|#>t , ;*T*^ ^ff^l^^fl 

^- 7> 31 *T -r^>^^<?><i¥^8l7-a 77 £ $ft L £: ft 7> 81 7* u 77 A«i$4 1 

Ltv^. RAM 5 0 tt> #J*.tf . SRAM (S t a t i c Random Ac c e s s Memory) 

. DRAM (Dynamic Random Access Memory)#T-£> *K ft ^7> fit "7 c f ^ A'f § £ * 

m^ftM?* 77^*5*5 i jku&m^>- 9 &%nz>^- 9 mm 5 u 

u-S, Zfz. zcr>Mco^x7 0\i. C P U 1 0 . A7JSS2 0 . tB^J^3 0 , nW}e£m$kW. 
4 0. R AM 5 0 JkUR OM 6 0 £ii ft L T u £ . 

[0017] 
<n-F')ir!:';7F')i7UK)l> 

CwlwCPU 1 0 tt. Wt&&£fifzO S (Operating System) y^icjju, 1$ 
BJjie'lf 2IB4 0 <r> H ^ 9t Bt "f a ^ a^)j14 l iz&m 2 tiT u § ft ^ftW- ~f a 
R AM 5 0 Oft^ftfri^n 77 5 llcSS&tf. |H]tiK C P U 1 OU. tttfjifili m 

S4 0 (7)^- 7$gtsU 2 lc1§^$ ftT^-S^fSW^mPHt ff^§8^- ?tRAM5 

f iiStlfcRAM5 Ol^TK I, X^l,y 1 3lc^lt4. * t T * CP 
U 1 0 <7)f|IJi]£S 1 1 li, L y ^ ?1 3 lcfe^3 ntzZfLh<r>T F u x £ HH )X trc ^ ft L s §rc 
*Hi LfcT K U Xj^-f R AM 5 0 ±.<7)Mfr<b 7*a r^A^^-^^^cAtBL. * tf> 7 
a 77 ^jb^f yIH**?^ 1 2 ic UK /X H *f $ *\ ^YrSmSIII* ^'^13 \z&M L 

10 0 18] 

13 2 ti. Z<r>£ 7 tc C P U 1 0 Kit^ftttT-n 75 2***^*£*n* C i: K * 0 
ti^fi^^flt^a 1 *>Vo 7H^«iJ^T«>*. 13 3 li. [3 2 tctolt £ 7>8tfl^± 

H^^-f — ? <o 0rt *i ^ ?k L , fe^^^EPlililw^ %mm<o$ati*7r;^. Ztz. ztih<r>m 
\z to i^TffeOiJgB 1-4 0 tciti A 9 "t * -7 s - y <r>ffi.n\zttm-? <bfcflJttSi& LTi>*. 

» 1 1 <K # tt ft ^ £ /£ SB 12 0. Bf Hg4fi«mg& 1 3 OJkZ/MW® 1 4 0 «*LTi»4 

2 Ott. EftRIEJ&ftSn 2 1 . ; *-t,jE«fl:»l 2. 2 , 

■) 1 4 

[0019] 

i o o & v-frf > 14 iti- u >' * 9 i 3 . mmti^BM. 4 o^yR 

AM50^t«it4.'ifc« B¥liBJSI«»«tt£»S& 110, 7>8ift^£/£g& 1 2 0 . Bf 

m^i^m^i 3 ojkumw&i 40 cpuiocos^q f=j u^M^^n-f^ r 
<5tan> 

>^TR«M3tifci^BB««<?>»S!Hi^x,(t)"(fl = l M) fr* > ^ 'J 1 0 0 ^>3S««« 1 0 1 

^^i 1 0 5 \z&M£ tiTv^*t<?) 
[ 0 0 2 0 ] 

. ^wa««««i««sii i o ictoux. >^e -j 10 o i o i ft^^ra 



<7>m&mii^ ( rE)»»««R«nf ^ j x q (i, - r ) (q= 1 ..... m . i=o, i s /l. -. i s (l 

-1)/U f s ~f ') y rjH-fe^) ic£«L. * * ') 1 0 0 <wgB««« 1 0 2 icfe^i" 

•S ( A t 7 ^ S 1 ) o 
[ 0 0 2 1 ] 

#OC , ftMii J 5£.i&ffi 1 2 0 <ojg|»SSciE&fl:S& 1 2 1 lefcuT » > * 'M 0 0 <oseit « 

mi o 2 ^«bjg»a«fi5ii»i^i^x Q (i. t )£Jrc**-r. «i»»«ttR«!Hi^x Q (i. t ) *m 

.-. . .x M (i. t)1 t *» fictfcf?L*i*3n JE^ub^ nu' (i. T ).iciEMfb-rs ( 
xf^s2) . nrz&m 1 ie&c^ n^r ((. T ) \t > * y 1 0 0 oien^M 

1 0 3 KteJjftS ftS. ftfc* t*S 2 co«ia^i¥)NBt ov^TliRiE-TSo 

}Xic , 120^^ ^AiEmfb^ 1 2 2 ic**i*t» > * v 10 0 *>ifli*« 

ts!t 1 0 3 frb&tS 1 IE*&fb^ * h *X ' (I. r ) £0n*&.*. 3 ft«b£ ; >i u frffifenii. ( 

00 £14 1 ) »c**» 2 IE#Lfb-< 9 V *X" (I. t ) KIE&rt:-** , f U> ) >i WiE%LitW> 

1 2 2 14. L tz&m 2 jE&ft-* nU"(I.T)t>t'J 1 0 0 <?>SB1t«isS 1 0 4 lc 

[ 0 0 2 2 ] 

K\z . #BtfI^£f£gB 1 2 0 <r> 9 7 x ? 'J > 1 2 3 lc fc^T » >t'M 0 0 *>ifl1t 

» * 9 X ?££/&-t£o f LT, * 5 X * 'J > r-g|5 1 2311. & 7 7 X * ^ 

x 5"ht38C k (k (k=l N) H<o?7X^>>^"(l,r )*« -5 If 38) 

> =E »M 0 0<7>iB«;«i* 1 0 6 ici^t^ ( x t v VS 4 ) . ^SUCJ^Ttt 

, #fltfl 1 2 0 <7>#8tg& 1 2 4 icfcuT . > t 'J 1 0 0 <^IB1t«lsS 1 0 6 
, 1 0 5*>^7^?*fC k &V3£ip<6Q ' %^*&t*. f LT, #8tg& 1 2 4 lis f 

7 * 9mmc kJkvmmi&Q ' *m^. kis<7)^x?icit^^2 iE*t<b^ ? mux* 

' (I. t Hcttf5-t5 RflJfl^-^ * h ^ X ( I . t ) Q ' SB<a5£*lB1ittisS 1 0 2 *><btt 
HJLx kSr@<7)^^Y k (l. t) i: L/i^fitfl^^ * h ^Y(f. r)44)tt5. ^LT 

. #8t§& 1 2 4 14, £jftLfc#«1I^-< H'Hlli t)% >t 'I 1 0 0 1 0 7 

m.'&\z , i$n$iffi3Ei£& 1 3 0 icfc^T > t 'J 1 0 0 aBHIfiiiS 1 0 7 fe^^BHI-f- 
-<9 h *Y(I. t)^^^j^^, *<7>#8tft^J$#Y k (l. T )%^^k«lcS^raiS7- 'J x 
£«3?.lc * 9 . ^^^isii^^Bt^^ y k ( t ) ic^m-TS. f U . ^BB4ia«««BI5 1 3 
0 14. fg«Lfcl^W««^^fll<i^y jt (t) t>t»10 0^SB««i« 1 0 8 icttfll* 

YK\z. &mS.<nt£ffllzr>\*xm.W-t 
[ 0 0 2 3 ] 

C^ltt»jE«ft;a5 12 1-;* ^iEMfb^ 1 2 2 <7>5&H<7)P!I3 

ra»85ciEafta5 1 2 IJkU J >i ulE®.itffl 1 2 2 li . ^MiiJ fi^- -< 9 V *X(I. t) = 

[X, (I. r ) X M (f. r)] T (1 = 0, l s /L. -. [ s (L-l)/L)^iEMfbL. ^ ft «b % »c ^# 

ttf, fl-^ilS^fsLg^^lc^^i-sm 2 iE^ft^ f. K*X" (I. T)\zJE$Lit-tZ. Ztiiz 

*fl5/igictoit*jE«<ktt-®«fft»'b«:*. mi^iE^fbu. rasRiEJaftan 2 1 1= 

fcoT. R-SJfl^^ f h -*X(I. T)*SJR»lctfc^ Lftv^S 1 JE&ffc-* 9 h ^X ' (I.t)Ic 
iEjaft-t*tx?>T**.- ® 2<^iEafbl4, >» * i*\Em.itffi 1 2 2 IcfcoT , ^ 1 JE^ft^ 
Hif (1. t J >i uit**Lfcii. (ZcomT'lt 1 ) *tZ>m2 1E$Lit'<9 V >vV ' (I. t ) 
(ciEMfb^-5> t^T**. WTic zft'b<7)iEMfb^»lffl^iiBfl'rs. 
[ 0 0 2 4 ] 

c^&stiE^fb^ 1 2 1 icfcit 4 «i ii<?>»ib (^t'^s 2<7)mw<nnm) 1 

ms (a) ®4\z^Lrz*^y^S2<r>%im<r>mm-£WlW-tZ>rzih<r>7v-**-- 



KT-£>£o VAT. C<7>EJlcvfl o T Xt v 7*S 2 <^ Sft JI <*> 1* KB £ ife Bfl £ • 

* -f » ftOIIPfiP 1 4 0 (0 2 ) i:feuT^7>-?qi:ltnAL, :n$-|>€'J 1 
4 1 tt&iW-t* ( Xt v 7*S 1 1 ) . fflft«iE*fl:» 12 1 (13 2 . 0 3 ) Ictoo 

t „ > ^ >) l 0 0 tf>aB1*1flJ£ 1 0 5 h WiL<» '< 7 > - 7 d . c . Q ^rgn^jA^ , 
JsSt 1 0 2*»^>ft(l. t ) CttJE -t S Mft-t^ ? I s *X(I. t)*>££X, (I. t)*^*&*» 
-Bf > t 'J 1 4 li>f)'<?>->Q *-S6*&t*. fit, Hift&IE&ffcgB 1 2 1 I J , 



<w«S*ffVK 1 IE«fl:-« * H *X' (I. t ) = tX 1 ' (I. t )- ■ .'. .X M ' (I. t)3 

l<r)&^mt LX. > * <) 1 0 0 1 0 3 icMI"* (Xt*v S 1 2 ) . 4 to 

iXlc, SUiJgU 1 4 0 lefeuT, -if > * y 1 4 1 £t&*fi3 *ifc><7 >-?q *>*q =M£ 
Sfc-Tib^^^^JBr-t* (xt^S 13). z z T a =Mf 4 itti tt . ftO ffl BP 1 4 0 a 
a + 1 *>iH*Jt6***ffc'4'<7 > - * a *>te k :tit-f >t'M4 1 icfeM L ( 

Xt -y 7"S 1 4 ) . Xt -v 7*S 1 2 'sgt. -^3. a = M T' £> *Ui * $iJP§& 1 4 0 

« At -v 7*S 2 <7>{tftIi£&T $ WT^Xt v 7'S 3 *>MUI*£fr 3 
[ 0 0 2 6 1 

C ; ;U ^iEJftftgP 1 2 2 ictolt & SaH^PKB ( Xt v f S 3 <*>#<H) ] 

is (b) \t, ® 4 ic^ tfc x t v 7*s 3 (nmmWi-m-kWLW-t z> rz^^> -> a - * + - 

J * z*jE*Utg& 1 2 2 (0 2 . m 3 ) icfcuT. > * 'M 0 1 _0 3 ^ <b , 

§d. t)\zttm-tz% i lEaut-* * h >ux" (i. r > = cx i " (f. t ) x M ' (i. t)1 **m*& 

t?. f LT« * ^jE^ftgP 1 2 2 \t. 
[& i 3] 

|X'(f,r)| = > /ZjL 1 (X q '(f,T)) 2 

<r>mM*ft->X*tih<r> / II X" (f. t) II * 1 jE8Hfc-< * h * X 1 (I. r ) ft V 

>i u || X ' (I . t ) II * - > * '> 1 4 ICttiti ( X t v 7* S 2 1 ) . 

JXIC. J >y ^jESHtSSl 2 2 li> -Bf 1 4 1 r)»cttf5"**aS 1 lE&ft 

-< ? h n- X ' ( I . T ) ft V J n, || X ' ( ( ■ t ) II £ 11 A ft L . 

X"(f. t)=X , (I. rl/HX'd. t) II . - (8) 
w«E*ffoTS2 IE n*X"(I.T)**ft* (xt -7 7-5 2 2) . ^th^fifz 

&m 2 iEMfb^ 9 v >\<r ' (i. t ) ii % >t'J io o *>ie«ns« i o 4 n*. :n 
tc <* •) xt 7-s 3 c^«iif a*&7 -t*. 

filwACftSti^nUti. x^^m. c^*2iE»<t-«f h*X"(l. r)M9 
[ 0 0 2 7 ] 

im 2 jE^ft^ f h *X" (I. t ) 7 x y 



[ 0 0 2 5 1 
[S121 




t 



[St 1 4] 

h q k(O = T^exp[-j27 t fc- , (d qk -d 0k )] -(9) 

d qk 

fcffluTjfiflaVa. d q k itii^U q k -fe y * k k <?> W <o g§ » T * 9 . 

7^i&$Oc$]¥ L££&T'£>&» Ilr (f)/d qk tt, g&86d Q k k£8c.r (Die* -> 

SB fit ic «fc o T * * h . 

Ztz. M*>*/<- x 14 £ il* £ £ k , &B¥ffiElftBC (I. r ) IcfcoT WTc7>M6*/£ 9 

X, (I. t )=H qk (l. t ) • S k (l. t ) - (.10) 
5V( 9") k (10>*5t(7) k ( .8 ) ten A~t h k . 
[ 0 0 2 8 ] 
[tl 5] 



X "(f,0 = — — exri 
P d qk D 



. 71 (dqk ~"^Qk) 



" J 2 d 



.D^/ai-iy "(ID 



d : 



ik 



k * •&= - 

St f "b li 5* £ T *> 0 M«lk a ftoT. m2iE^fb 

^ ? han^'J>nU> la] C fl ^ SHlc r k ic W fC -T £ * ^ x ? Wf£2 
[ 0 0 2 9 ] 

it, ^(1 1) &><b » > - 7 d*>fttt * d>d„,/2T'J)4:l: * L < ( 
d mai liW^X" Q (f. t ) t»(B"t SSlt> * Q fcffe*>"fe>-* fc*>**IE» 

'< 5 >-7d&<7>3?2IE#Ht:- ; ? h '-(I. t)*>B*X",(I. r.) k 

\z is li- i> tt HI* KM li MIA * ^ L T o £ . 
[ 0 0 3 0]. 

'07 (a) tt d max /2 £d*>»£lcisi+*«£¥iB0"C&.*. - - T-±*E<o d max <^SIS 
ff.ft^Q&VkCWLd^-dQ^ilfcMfElJdBaxiaTk-fi:*. ioTd IH /2>^ 
§1=N (tt/2) • (d Qk -d Qk )/d<-7r . (jt/2) • (d qk -d Qk )/d> nr.k 0 » S . ^<7>*SS. ^ 
(1 1) T*3*i*X ,, ,(l. v)<r>mn an IX", (I. rHtiU 27r^*S^-^>a ^argtX' „((■ 
r)]<« 2 («!<-, cc 2 > K ) waB C»*t45[«tt*«*«. JStt*W2 
JEMit^ 9 h >iT" (I* t)»S*X",(I. t )<75^ft fc*-&-t£°rft&14* , *> *J . HU»Lfc * 

7 x 7 ') y ncfcwT . mzzm 2 JE®.it-< 9i *x" (i. r *7X7 1C?7X? 

&«b d mai /-2 £ d k L^t^Sm*^. 
[ 0 .0 3 1 ] 

W7 (b) U d raai /2 < d< d mll 9>M-£\z}5rtZ&m¥m®X'ah?>. z<r>m^^ -7T 
< U/2) • (d ak -d Qk )/d<-7r/2, tt/2< (jt/2) ■ (d qk -d 0k )/d< * k ft •> » 5 . 
. it ( 1 1 ) T-f^n-SX'V!. t)tf)lftanH",(l, ^ j < a r « [X* " q ( I . t ) ] < 

0 2 (-jrOK-r/2. tt/2< /5 2 < tt ) colEH + * * ^J^V* 

<argtX , \(f. r)]<- 7r /2^V7r/2<ar 8 [X'- q (f. r)]< r «WC^T. -M«*ff2 

«***i8]Ji/in.Larv^ k 7 4. Ctltt. flfjiE L ^ 9 ^ 9 ') > © T 3 tir 



■5 t$m&i)*$>&- J: oT d£ d Bax T**C fc**«fc 9ffl* Lu. 
[ 0 0 3 2] 

m8(a) \i d = d mi ^m^\zisi-f ?>mmfmm-Z'3r>*) . ms (b) a a ><!,,,*> 
^•icfcit zmmw-mmT'&z. z z.x- d > d mil ^m^. -k/ku/d • (d qk -dQ k )/d<o 

, 0< (tt/2) • (d flk -d 0k )/d< Tt/lhr& •) %Z>. ? ^ (1 1 ) Tit 2 ft £ X " q ( 1 ' 

r y^flft an tX",.(l. t )] ttx' H 8 ( b ) ic^-f J: i ic > r [ < a r g [X" q (I, x )] ^ r \ (- 
n/2<rl<^ D<r2<7r/2) «>«H • * L T * d ** * < ft *»* ft * » 

[0033] 

CftlcjttLs d= d mi X -tt/2< (tt/2) • (d qk -d Qk ) /d< 0 . 0< (tt/2) • (d Q 

k -d 0k )/d< jt/2 i: « 9 ft*, it (1 1 ) S ft -5 X' ' „ (f , t ) <r>mfi a r g [X" , 

(|,t)]U0 8 ( a ) ic^ f <* 7 ic - ?r / 2 < a r g tX"„ (I. t )] < tt /2^|g H tc ft ffi "t * . - 
<dM^. S2iEttffc^^ h ^X''(l. T)<oS*IBCfett*«ft^*^**ilcWrtT, -eft 
•b^gEBt-t^Wii/Pi-r* fcU7BB&*8M3fLoo. T § * £ l+£ wgEHlc 2 7 xy^ftfc 
<? Z i: So 9 7 x y -J y 7<7>m&-& ft ± 3 * Z i: 

5 ( [iaft»iE*ifl:a& i 2 i • ; ^^iEjaftSR 1 2 2 <o is. n« *«■ o ) « 

[ 0 0 3 4 ] 

[ *7 x y > rgs 1 2 3 ^«III<^I¥«B ( Xt v vs 4 tf>f**ai) ] 

BUiE<7) J:7lc?7XyM> 1 2 3 Us > * ') 1 0 0 104*^12 IE*t 

it-< 9 h ^X" (f. t)£^c*&*. :ti^t?7xyj>rLTMi^^x^4^t 
zct) 7 7 x ? -J > ra. tfijitf. 7 x ? <n * y >* ( X" (I. t ) e c k ) tS^^ 

? <r> -fe > h a -( h* v k t <n H 60 — U ^ <^> fi$fn U 
[ 0 0 3 5 ] 
[» 1 6 ] 

u k =x xn(f;t)eC J|X"(f,t)-n k || 2 * . 



Hart 

2 0 0 0 



%g/Jxffr* z i:*ISif6K:tf *ft*. Ztfog'Mtli. Witt. " R. 0. Duda. P. E. 
, and D. *G. Stork, Pattern C I a s s i I i s a t i on. Wiley I n t e r s c i ence, 2nd edition, 
. " ft £Xffi&£ ftTo £ k-means 9 =? x 9 V > *ftfflo* CklcJ: oT'»*H&lcfr 7 C t 



It. 

[SI 7] 



Zxff.tW c.X"(f,t)/|C t | 

nk = 



Ix»(f,r )e C k X"(f,0/|C k | 

ic <k oTSfSS ft*. I C k I it 9 v x 9 mmc^^-t * x 9 <t> > y >* (» 2 IE*& 

[ 0 0 3 6 ] 

iftmse. i 2 4 ^sas^M ( y 5 ^>mm) 1 

m6\t. 04 tc^ Lfe x^ 7^S5 <7>*(UI<7>M£!&8fl-f Z>rz#><r>-7 a - * * - h T-*> 

i ~T . fbO iff 1 4 0 (02) ic is ^ X . ^T«'<?>-H ( k =• 1 . • • • . N ) 
Bffflra«« ( f . t) (£#&£ ftf-iBHlctolt*^T^ f ^ t ) Y k ( f , t) 



t 



60 ft % o ic #j sfHbL, c ft <b > * i oo^o is tit $ ft i o 7 \z%,m-tz (^f ^S3 
o ) , 

& ic . M D SB 1 4 0 \z is u T A- 7 > - 7 k \z 1 * fc A L , 3 ft £ - B# > ^ -J 14 ltfi 
fli-tS (Xf 7^S3 1 ) . iXlc. ^RtSP 12 4 (02 , 0 3) icfcuT. >t'J 1 00 
^IBIiiaia 1 0 6 60 ? 7 x y'tij* C k £0c*& A, :iiA^tkil co * 7 x 9<r> * > 
(If? 2 JE^ft^ f h *X" (f, t)) £t*£H L . Zft«b*-Bf > * 'J 1 4 1 IcttiW-tS 0* 
t'^S32) . iXlC 7>$tgB 1 2 4 li . 7.yS3 2T-f 1 4 1 ictttt 5 ft 

fz& % 2JE8.it"* 9 V >il" (I. t)?#!SL« 3 ft «b ic tt/fc-f 3 »f RB ® ( I . r)<7)&I 

ijfi^-^ * h *x(i. t ) % >-4 «j i o o cr>mmmt 102*^1*^^, zn^-^-m > 
^ 1 4 nciits ( x t- y -f s 3 3 ) .. fc\z. &*au 2 4 \t . > ^ 1 0 0 <o ietf. 

18 i* 10 5ft" ^SiifiQ ' 3i A > — Bf > * ') I 4 1 ft- «b . ^f.v^S33 5 

ftfempjfi^^^ h ^ x ( i . t )6oq • Srgcosmxo 1 (i. t)?ttHits (i. 

T ) icooT) . f LT, 7>fltgB 1 2 4 t*£B LfcS&X 0 • ( I . T ) £ 7>Bt 11^ -< * h >i Y 
(I.Tl^kil^SiyiidtJ^LT^t'l 1 0 0 6O|fitt^la5E 1 0.7*>flt*^*f"*-* ( x 
f';yS34)..tfti3^, Z 60 flj 60 ?>IM 1 2 4 U . 
1 0 0 3 7 ] 
[ft 1 8] 

Y (f T) = ( X Q ,(f ' T > X"(f,t)'eC k 
k ] 0 otherwise 

i: LT55fSY k (I. t ItttlHtS. 

& lc , lUffllgP 1 4 OlcfeuT, - Bf > 4 1 4 1 \z te&ft $ ft Tz >< ^ > - 7 k ft* k = N 4 
Si ft* S 6* * *J Hf -* S (xf7^S35). Z k = N T-&l+fttf. ftJSPSB.l 4 0 a 
, k + 1 <» ffiW f& * £ ff & ■>< 7 >- ? k^ofii: L . Zft£-E}M t 'J 1 4 1 icttttL ( 
x t v 7* S 3 6 ) . ^11 -& x-t v 7' S 3 2 ^ S -* . - ~H - k = N X- & ft It , (MSP SB 1 4 0 
iJ -v VS 5 to^Ii^^T 3 ( 1 2 4 <o M H <o i¥ ,*ffl ] *>ifc»i&fc 0 ) . 

[ 0 0 3 8] 

<35«k«e*> ' 

mm <r> a ^ r> mm * ft ^ tz . . 

iogtfon^a^ 2 o 60 -b > lc«k -5 t> Bt H 5ft T- -5 . f 60 ^ Sft ^ I J S 9 (a) \z^ 
•t ii 9 T- *> -5 . ft ^ 31 60 R J J 3 o T- *> •) . 6#ra<o^g<^WF*^^-*ft»'oatU/z. * 
fz. C60HS^,^^^|39 ( b ) 60ftlcSIR(signal-to-interference r a t i o) 60 fS] lit^ 

t. ^Kfg 4r^*1t^*»av^ c k 7>HlHU6o-b> ^ T*6omiiJ^* 

CInputSIRD t . DOAic Jc^^tX? 'J > 7VZ J: [DOA (Previous)] t t *fttm (IE 

^.ftlc £ & ? 5 X 9 *) > r) fc Jfc -5 ^SS [Normalized obser. vector (Proposed)] L 
C60,1S^J:»). 2 O60-fe> TC^li^-, *ff^fl|60 7^v£lC * o T > D0A6O A |c J: -5 f 

7 x 9 >) > t mwn&mxiE^ftMv^mx&z z t ^mv&xBtz. 

[0039] 

2o@<oHgfcij. ^MMK-ty tSBlcJ: ^> ^60T-*>-5, ^M^fTliHl 0 (a) 
■* ii 0 T- *> h . C60^|ftT-li. 4 o^MJtl»l1t^"f ^ (-b> ^a.$ft©T-lJ'5rv»gr2Si: 
Lt. tfz. Z ft <b 60 g£ i: 1i « i: LTU. v -f ^ rl 60 Jh H ft* 4 c roT'*>^ o 7 C t tzlf 
-*:9fU. : s x^ u\zH-z.Tz« ii ^ U <r> WL \ 1 4 o T *> •) . 6#^60^i§^#F^Xf-^6^ri 
L . C60 J; 7 >5r-fe> T^f|^ai^ir2^lCfcoTD0A^f$fc 9 htl, i: . ^ft-e*ft<7)-fe> 

T -<T^lcD0A^4t^-*-fe> T-^T^IC^^X? 'J> r — ^T60-fe>T^TlCOV^T60 9 

tt^60j: 7 t^Jt'Srigc^iiaii^ff 7 : t 5: ( > 010 (b)^^lc^i-«):7 *«v^tttt 
m*m*> Z t t>*T-$ S. It fe. 2o g6O^gftt:0 1 1 (a) 60 =k 7 Kc * T- o » ^ 
|5]*ilC0 1 1 ( b ) ^^ic^-f J: 7 4rfi^S4ti*rf5 C k ft*T§ fc. 



[ 0 0 4 0 ] 

< ±.m<n %M<r> fm<r> mm > ■ 

(1) mWii*7' < ?h^jb^#^*i£liffi£1"--<TffloT?7X? 'j > r % ft 7 *> * £tx 

#f&WJtt±jdi<wflJte<^J|glcK£3tt* V<^Ttt#v*. fflx.t£. ± M H fife <7> ff2 

flgTti. ) >i> LiEMitU 1 2 2 tcfcuT J * a *>< 1 \z & £ £ 7 *IEfcffc*fT o fc*'. J * 
AfeM W^^M^fii: >5r^ J: 7 IdEMft^^f oT4; =kvn ±iE L fcgipfft Q , Q 

ttSnlcWL <- T J: < fSft'o TUT «k v*. 
[ 0 0 4 1 ] 

tfc. #8tSK 1 2 4 (CfcuT. 
[K19] 

* 

fX 0 .(f,T) X"(f,T)eC k 
k 0 otherwise 



t -t ziXh *) iz . 

[®L2 0] 
M k (f,r) = 



X"(f,T)eC k 
otherwise 



£ ft L , 

Y k (l. r)=M k (l. t)Xq- (I. t) 
i: LTftMH^-*- * h *Y(f. t k SI B *>5t£ Yfc (I • rl^M^-tt LT t «fct*. 

«fc n$ ffl « « fc tf> ffl IE « * tf 7 :tt Lfcfc'. wavelet^m. DFT7 -f * 7 9 . # 'J 
7i-^X7 -r 9 ><> * & ir^fflu x zn^ft-Zft 7 C i: i: LT t> J: (fji . R- E 
. Crochiere, L. R. Rabiner, "Mul t i r ate Digital Signal Processing." Eaglewood Cli 
lis. Nj: Print ice-Hal 1 . 1 9 8 3 (ISBN 0- 1 3-6 0 5 1 6 2-6 ) ) . ± j£ <o & fi 11 1± . 

^izmcxftmm\z&&\.*itmw\\zmif <* fix >t .to. 

[ 0 0 4 2 ] 

_LiE^*if££ =1 > f » - ? * ^ T**"t 5 * a » § 

c to {tlill 1*1 §r ^: 12 LfcT'a r 7 2^ ti . 3 > ~ - ? T^*JK 9 Rrfie*afi£i£#£3e» 
LT < 3 t i'Tl 3>^*-9T^*a5l9nrflB4riefilJ«#i: LTIi. #J £ UT . »2l 

t£t* -f x ? i: LT , DVD (Digital Versatile Disc) . DVD-RA 
M (Random Access Memory) . C D-R'OM (Compact Disc Read Only Memory) . C D 
-R (Recordable) /RW (Rewritable) . ft &mir3fi&# t L T . MO (Magneto- 
Optical disc) ^itULTEEP-ROM (Electronically Erasable an 
d Programmable-Read Only Memory) f 4ffluSC tb^* §4. 
[ 0 0 4 3 ] 



* fz J z<r>-fur*7 u<n mm 14 , £ 14 . fwyoy^AtEIII/fcDVD. CD-R 

n > f a — 7 ffe<75 n > f a - ? I: f W 7' n ^A^&M-t&CktCJ: 9 . C <7> ^ a r 

* t» LmLtzmur^mt itwnk'itifrmt lx. > ^ - ? us s leu* & # 

ttt:»^uy9Atfll»lR9,.f»^nf?i l |cttofcftat*ftt4:J:l:LT , tJ: 
< . £ "o IC , :<?)n>^a-y[C^-A-a>f i -5'jS^7'n?'7A fc* 3k j£ $ tl -5 fc V IC 
» fltKofc^o 7 Alcfto fcSaii*Hff t5 C k k LT t ±u. 

n^t^i— 9frh. z <r> 3 > t: a. — 5"\<?) 7 a ? =j u<r>^^ \t'ir t>~f . * tf> ^ fr ^ k *5 
$k%X%<r>fr\z i o T ML II l» 86 * IS « ■* £ » ^*)»4ASP (Application Service Provid 
er ) m<»*t- V Ale J; o.T „ ±Hi*) *&ll*SSfT"t S k L T J: u. ft / «/lglc is 
It -5 n AICI4. m^H-m^lc * S«HI^)ffllc«i"*«*T*>oT 7'n ^^Alcff 

[ 0 0 4-4 ] 

Jf :i C (DjfZHB X' 14 - 3> ^ a.- ^ ±TPlrffi<W-/n ^9 A**tf $ ^ k IC J: •) * 
mW.*ffi flR-t* C k k Lfcfc*. cn«b<7>#l.H 1*9 < k t' — 95*^- K O iTfiQb* 

I s * ± *> « in rT fctt l 

[ 0 0 4 5 ] 

S't.f^Ja^f fttt«T*» B flS^Pfc^tllteaj-f * 3 k ic i 

[0ffl^f§mftl&Bjn 

[ 0 0 4 6 ] _^ 
.[01] 0 1 1*. ^flSflglctelt-SH-^frflt^B^- H * i7«***I^L-fc7n <v 

[0 2] 0 2 14. #A2flglci5lt*ft-^:fr8t^E^^* y * 0^<W^. 

[0 3] 0 3 It. ®2\ztortZftffiit^£f&ffl<»f£W%W^^r~^ u v t^'&z* 

[04] 04 tt. ^ff$flgicfcit*fi-^^fii^a^^ii^^#^iaB^t*fe^^ 7 °- 

^ ^» — |s o 

[05] 05 (a) 14. 04 <r> y 7 S 2 M £ S£ W £ £ <*> 7 a-**- h 
T*£>&, 0 5 (b) 14. 0 4^^T^S3^lfa«illBt5fc»^7,n-f t-h 

[0 6 ] 0 6 14. 04WXf->7-S5 «Slllt»fltSfc^ 7B -^ V- h T*<fc£ 

[07] 07 (a) (b) 14, ^5 dS^12jE«<t'<n'*r , (l. t)*>S 

SfcX," (I. t) k^<?>«-ftar« IX," (I. t)] k 60 ® mm t Z> Tzfrn £& ¥® 0 X' 3b 

-So' 

[08] 08 ( a ) ( b ) 14. '<?/-yd«»B2 E&ft:^ HU"(I.t)<o| 
mX Q "(I. t) k*^«ftan[X," (I. r)l kwBB**»ifl-t*.fc«>«** 3 PBBI^*. 

• ra 
[09] 09 (a) »4HSft^ft : *^ Lfc0T-*> 0 » 09 (b) l4#lg**S»* ^ L 0 

_ 

[0 10] 0 10 (a) \tm^t¥^^Ltzmx-3f> *) , 0 10 (b) tt9S!ft*S**7F- 
[011] 011 (a) l4fHS*&tt*^L*:0T-£> ►) . 01 1 (b) l4HS*&m£^ 



L ft El T 3h £ 
[ 0 0 4 7 ] 

1 m^ft 



immz] mm 
i® 1 1 





40 







70 



1 



[13 2 ] 



101 102 103 104 105 106 

A_ „ ii . _j_ A_ 



100 



107 108 



J x^t) i i X^f. r ) I 

S • 1 


! Mf.r) i 


j x,"(f. i ) } 


J d j . 


! C, j Y,(f,r)j 




• i i - i 

1 ■ 1 1 ■ 1 
1 • , . 

J X M (f, r )j 


i " • 1 


i ■ . 
I • 1 
■ | 


! c ! 
i Q i 

j Q' | 

X- _ _ -T 


1*1 ' i 
* 1 * 


* 3 
! • * 

1 " ' 

{ y N (t) j 



x 0 (t) 



x,(t) 



Xw(t) 



Xq(f. r ) 



X q (f , r ) 
X,'(f . r ) 
V( f - r ) 



110 



d.c.Q.Q' 
Y k (f, r ) 



Y k (f. r ) 



121 
122 



y k (t) 



123 



130 



1 



120 



124 



y,(t) 



y N W 




2 



[® 3 ] 




X,(f. r ) 
d.c.Q 
X q *(f, x ) 



X,'(f . r ) 
V< f . r ) 



X q "(f . r ) 



Y k (f , r ) 



Q' 



\ X„(f.r) 



121 




c k 



124 

f 1 



Y k (f . x ) 



X„(f , r ) 



120 



S&1 jEttft^h^XXf. r >£» y;UA*<^T^<D{i 



I 



I 



k#BflWX*l=«-r*S52jEflMb'<*h;ioc ,, <f. DO 
ftfflJS&f&Cf. r ) lt»je*.&*3BflM**$HUX q (f. r ) 



I 



( *S7 ) 



I® 5 ] 



(a) 



S12 



T 



S11 



q=1 



X '(f,T)=|X a (f,T)|exp 



.arg[Xq(f,x)/X Q (f,r)] 



J 



4fc _l d 



X'(0=[X 1 '(f) X M '(f)] T 0)#^^i:L.T> : t , ;ic<S«rt 



S13 




no 



q+1$»rfc^q«t-r* 

S14 



(b) 



r 



mi jESaJb ^HUXXf . r )=[X 1 '( f, r ) X M '(f , r JTKttL 

X'(f,T)| = > /2:5Li(X q , (f,T)) 2 **fflU»-"»^ , JI=*» 



1 



X"(f,r) = X'(f,T)/|X'(f,tr: 
0>;1tli£*T ^ ii5I*aUMS»x , '(f. r )=[X 1 "(f. r ) x M "(f. r )] 



S21 



I® 6 ] 



S30 



S31 



I 



k=1 



S33 

i 



5 



I 



ffltiiLfc#&2IE8Hb'<?Nl'X"(f. r )lz*tJ£f<i>B#MJBi63fe(f. r ) 



I 





S36 



no 




S34 



yes 



im 7 ] 



(a)d max /2^dc^ 



Im 

t a,^arg[X o "(f.r)]<a 2 




(b) d max /2<d<d max <Z> 




arg[X q "(f. r )] ^ $ 2 



[0 8 1 



(a) d=d max (Di§ 



(b) d>d max (Dli 



Im 



-7r/2Sarg[X"(f,r)]^7r/2 




Re 




r^arg[x;'(f.r)]^r2 

- Re 



8 



r 



[ El 9 ] 

(a) 

U . 4.45 m 



E 

18 

to 



Room height : 2.50 m 

(b) 



fllS*£*(in[dB]) 





SIRi 


SIR 2 




InputSIR 


-5.2 


-1.5 


-2.9 


DOA (Previous) 


17.7 


6.3 


12.7 


Normalized obser. vector (Proposed) 


16.4 


6.0 


13.0 



-t 



I 

1.80 m * 

i 



! 1.1 nf 



Loudspeakers 
{height : 1 .35 m) 



2.25 m 



1.75 m 




4 cm 



S1 



imnj-directional microphones 
(height: 1.39 m) 



9 



445 cm 



i 



t 
* 
l 

s 
i 

t 

! 
i 

* 

I 

i 

I 
s 

! 
< 
■ 

j 

_ | 

■ 
t 

i 

i 

1 

i 
i 
i 

[ 
i 
i 
i 

I 
i 
i 



O Microphone {120cm height, omnl-directiorial) 
^ Loudspeaker (120cm height) 
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.4cm 

4cm \ / 4cm 



180cm 



160cm 



Reverberation time: 130 ms 
Room height 250cm 



3!i&$S3l(in[dB]) 





SIR* 


sm 2 


sm 3 


snu 


InputSIR 


-8.1 


-6.0 


-5.9 : 


-0.8 


Proposed 


16.8 


10.6 


14.5 


10.8 
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(a) 
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445 cm 



Microphone (120cm height, omni-directional} 
^ Loudspeaker (120cm height) 



• Sensors are arranged 
3-dimenslonally around 
120cm height 

• Reverberation time: 130 ms 
- Room height 250cm 

• Sampling rate: 8000Hz 




(b) 



• 3SB*Sm (in[dB]> 





SIR! 


SIR 2 


SIR 3 


SIR 4 


InputSjR 


-8.1 


-5.3 


-6.6 


-0.6 


Proposed 


17.8 


15.6 


9.6 


15.7 
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